The present study had to determine the prevalence and spatial distribution of areas at risk of bovine fascioliasis in the state of Goiás, central-western Brazil between 2007 and; to evaluate the associations of some epidemiological variables with occurrences of Fasciola hepatica in animals; and to estimate the economic losses that this parasite on the cattle industry. It could be concluded that of 23,255,979 animals slaughtered, the average prevalence of F. hepatica in cattle in Goiás during the period evaluated was 0.0026% (95% CI: 0.0024-0.0028). In the State of Goias, in about then years (since when this parasite was found for the first time by other researchers in 2007), F. hepatica was diagnosed in 168 new municipalities. Using the regression analysis, the effective bovine herd size was a significant risk factor (OR= 1.21; 95% CI 1.1022-1.4510; p ≤ 0.05) for cattle to be infected with fascioliasis in the state of Goiás. The cattle-rearing industry lost approximately R$ 15,072.75 (US$ 4,785) due to condemn of livers with Fasciola in the state of Goiás. New studies need to be conducted in these regions, with the aim to identify the likelihood of presence of intermediate hosts, which might serve as a source of F. hepatica infection for definitive hosts.
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Introduction
Fasciola hepatica is a parasite with an indirect life cycle, and its intermediate hosts are mollusks in the genus Lymnaea, among which Lymnaea columella, L. cubensis and L. viatrix are the main species in Brazil. This trematode causes fascioliasis, a disease that affects the liver and bile ducts of the definitive hosts of this parasite, which may be mammals, including humans (BENNEMA et al., 2014) .
In the cattle industry worldwide, the losses due to fascioliasis have been estimated as approximately U$ 3.2 billion per year, relating to factors such as decreased milk production and quality, weight loss, mortality of animals and condemnation of livers and carcasses in slaughterhouses, when these present concomitant cachexia (YOKANANTH et al., 2005) . In Brazil, this parasite has been diagnosed in cattle at slaughterhouses in Rio Grande do Sul, Santa Catarina and Paraná (southern region), São Paulo, Minas Gerais, Rio de Janeiro and Espírito Santo (southeastern region), Mato Grosso do Sul, Mato Grosso and Goiás (central-western region) and Tocantins and Pará (northern region) (ALEIXO et al., 2015) .
Georeferencing is a tool that has been used for diagnosing parasitic diseases such as cysticercosis and fascioliasis, among others. The aim in using this technology is to determine the scale and spatial distribution of a specific agent, so that sanitary measures can then be taken, in an attempt to minimize the losses and harm caused by agents of viral, bacterial or parasitic origin (FERREIRA et al., 2014; BENNEMA et al., 2014; ALEIXO et al., 2015; ROSSI et al., 2016) .
The frequency of bovine fascioliasis in the state of Goiás, central-western region of Brazil, is only barely known, given the sparsity and sporadic nature of the data available and the non-comparability of epidemiological variables. Therefore, the aim of the present study was to determine the prevalence, spatial distribution and areas at risk of this disease among cattle in Goiás. In addition, this investigation also evaluated the associations of some epidemiological variables with occurrences of F. hepatica in animals, and estimated the losses that this parasite causes in slaughterhouses, due to condemnation of affected livers.
Material and Methods
A retrospective study on the prevalence of bovine fascioliasis was conducted, using information from databases of the Brazilian Ministry of Agriculture, Livestock and Supply (Ministério da Agricultura, Pecuária e Abastecimento, MAPA), which are compiled by the Federal Inspection Service (Serviço de Inspeção Federal, SIF) in relation to slaughterhouses registered in Goiás. All animals, originated from 246 municipalities in this state, sent to these establishments were evaluated.
The animals were slaughtered in accordance with the standard meat production technology for cattle that is used in Brazil, and the carcasses were inspected in conformity with the current laws. These inspections include making incisions to view the bile ducts, and palpation and observation of the external surface of livers (BRASIL, 1952) . In cases in which F. hepatica was detected, the livers were condemned.
Occurrences were grouped according to year (2007 to 2014), mesoregion ( Figure 1A ) and microregion ( Figure 1B do Paranã) followed divisions established by the Brazilian Institute for Geography and Statistics (IBGE, 2016) .
Statistical data from municipalities in the state of Goiás, such as effective herd size, population density, human development index (HDI), incidence of poverty (%) and area of planted rice, were obtained from the IBGE website. Regarding the data of rural homes with semi-adequate sanitation systems, homes with sewage disposal into a septic tank, homes with sewage discharge into rivers or lakes and municipalities with fully treated water (yes or no), they were obtained from the IBGE website too, and these variables were analyzed because these epidemiological variables could indicate whether humans infected with F. hepatica might be influencing the spread of fasciolosis to snails and consequently cattle, and for this reason they were also evaluated .
Data Analysis
Regarding statistical analysis, data covering the period from 2007 to 2014 on the total occurrence of. F. hepatica observed in livers from cattle that had been slaughtered at locations overseen by the federal inspection service were used for prevalence calculations with 95% confidence intervals, for municipalities, mesoregions and microregions of the state of Goiás. The prevalence percentages were then ranked in increasing order for the municipalities, mesoregions and microregions. In this, the lowest prevalence observed was assigned an odds ratio (OR) of one, and the remaining ORs were calculated relative to this, using the Z test to verify significance (p ≤ 0.05).
Regression analysis was conducted. Initially, associations between prevalence (dichotomized using the median, with zero for values below this and one for values above it) and all epidemiological variables were been analyzed. These variables were the following: effective cattle herd size, population density, human development index (HDI), incidence of poverty (%), area of planted rice, rural homes with semi-adequate sanitation systems, homes with sewage disposal into aseptic tank, homes with sewage discharge into rivers or lakes and municipalities with fully treated water (yes or no). From these data, simple binary logistic regression analysis was applied to all these variables, and the ones that presented p ≤ 0.20 were selected.
Following this, using only the variables that were significant in univariate analysis (p ≤ 0.20), multiple binary logistic regression analysis was performed. The strength of association between dependent and independent variables was estimated using odds ratios derived from logistic regression estimates. Here, only those that presented p ≤ 0.05 were considered significant.
All procedures manipulating these data were performed using the Epi Infosoftware, version 7.1.5.2 (CDC, 2015).
Results
Between 2007 and 2014, 23,255,979 bovine carcasses were inspected in the state of Goiás. Among these, 609 were diagnosed as positive for bovine fascioliasis, thus establishing a prevalence of 0.0026% (95% CI 0.0024-0.0028). The highest concentrations of animals positive for F. hepatica were observed in the central, northwestern and southern mesoregions of the state, according to the spatial distribution demonstrated in Figure 2A . Regarding the mesoregions evaluated, the one with the highest rate in the state of Goiás over the period selected was the central region, while the northern region presented the lowest prevalence (Table 1) . Moreover, it could be seen that the central region and northwestern region were the ones presenting the highest chances of having cattle infected with F. hepatica ( Table 1) .
The microregions of Goiânia, Anápolis, Aragarças, Vale do Rio dos Bois, Chapada dos Veadeiros, Ceres, Anicuns, Southwestern Goiás, São Miguel do Araguaia, Surroundings of the Federal District, Vão do Paranã and Iporá presented higher risk (P ≤ 0.05) of occurrence of fascioliasis, in comparison with the microregions of Meia Ponte, Rio Vermelho, Quirinópolis and Porangatu. In the microregions of Catalão and Pires do Rio, there were no reports of this disease, as can be seen in Table 2 .
In analyzing the results over the study period, it could be seen that among the 246 municipalities of the state, no animals positive for fascioliasis were identified in 177. In the municipality of Anhanguera, there was no record of any cattle slaughtering.
The variables of population density, human development index, incidence of poverty, area of planted rice, rural homes with semi-adequate sanitation systems, homes with sewage disposal into aseptic tank, homes with sewage discharge into rivers or lakes and municipalities with fully treated water did not present any significant associations (p > 0.05) with occurrences of bovine fascioliasis, according to logistic regression analysis. On the other hand, using this same kind of statistical analysis, the effective bovine herd size was a significant risk factor (OR= 1.21; 95% CI 1.1022-1.4510; p ≤ 0.05) relating to the possibility that these animals in the state of Goiás would be infected with fascioliasis, such that the larger the herd in a mesoregion was, the higher the chances of finding cattle parasitized by F. hepatica would be (Table 3 and Figure 2B ).
It is essential to emphasize the importance of the prevalence rates observed, regarding the economic aspects of this disease in slaughterhouses, which leads to condemnation of livers. Using the number of cases observed between the years 2007 and 2014 (609) a simulation on the financial losses caused to the meat industry through condemnation of these viscera was produced. For this simulation, the average weight of the livers was considered five kilograms, and the selling price of each kilogram was taken to be R$ 4.95 or US$ 1.57 (this amount was obtained from the Department of Finance of the state of Goiás), as detailed in Table 4 . These amounts were then converted to United States dollars at the exchange rate of US$ 1.00 = R$ 3.15. Table 4 shows that in the state of Goiás, between 2007 and 2014, bovine fascioliasis gave rise to economic losses of nearly R$ 15,072.75 (US$ 4,785.00) to slaughterhouses, due to condemnation of livers that were diagnosed as positive for this disease.
Discussion
The prevalence rate observed in the present study (0.0026%; 95%CI 0.0024-0.0028) was less than the rate of 0.03% that was described by Bennema et al. (2014) for the state of Goiás, but similar to rates in the remaining states of the central-western region of Brazil (Mato Grosso do Sul and Mato Grosso), which were 0.002% and 0.003%, respectively. A possible justify for the difference found between the prevalence obtained by Bennema et al. (2014) is the sample size of cattle evaluated. In the work of these researchers, 1.9 million cattle were evaluated, while in the present study in Goiás and also in the studies carried out in Mato Grosso do Sul (PEREIRA et al., 2017) and Mato Grosso (ROSSI et al., 2016) , approximately 23, 6 and 7 million animals were analyzed, respectively. These rates are considerably lower than those found in the state of Rio Grande do Sul, in the southern region of Brazil, where prevalence rates of 14.39% to 17.04% have been described (BENNEMA et al., 2014) , and in the state of Espírito Santo, in the southeastern region, with a prevalence rate of 19.01% .
As observed on the present study, the chances of presence of cattle infected by F. hepatica (OR and 95%CI>1) were highest in the northwestern and central mesoregions. Moreover, the effective herd size also influenced the chances that animals might acquire fascioliasis. In the state of Goiás, fasciolosis was more commonly diagnosed where there was a higher concentration of cattle. As this animal species is also the definitive host of F. hepatica, with the presence of mollusks (intermediate host), the transmission of this parasite among cattle can be more easily when they are kept in a higher population density, which may justify the results found in this study.
Concerning the northwestern mesoregion, this is the area of lowest altitude in the entire state of Goiás, and it presents a rugged landscape. Among the 23 municipalities that form this mesoregion, 22 are part of the Araguaia hydrographic basin. This river serves as the border between the states of Mato Grosso and Goiás. Several pasture areas in these 23 municipalities suffer floods in the rainy seasons (October to March), due to the rise of the Araguaia river level. The volume of this river diminishes significantly in the dry season (April to September). Moreover, there are several small rivers belonging to the Araguaia basin in this mesoregion, which favors development of floodplain areas (SUESS & CARVALHO, 2014) .
The floodplains become flooded in the rainy season because of flash flood waters after rain on areas of higher ground. These bodies of water carry large amounts of feces, and possibly snails, onto the floodplains (Figure 3) . The floodplain pasture areas remain greener during the dry season than do areas of higher grounds, which leads farm owners to take their animals to these spots, and which possibly helps to spread fascioliasis in these regions. The results found by Oliveira (2008) in Minas Gerais and Martins et al. (2012) in Espirito Santo reinforce this hypothesis. In Minas Gerais State, Oliveira (2008) observed an association between bovine fasciolosis and the presence of floodplains on farms in the municipalities of Itajubá and Careaçu, where 89% of the positive farms had floodplains. This association is considered relevant because floodplains are essential for the survival of the intermediate host, and thus, this association is considered to be a risk factor for the spread of fasciolosis. Already Martins et al. (2012) verified that the municipalities of Espirito Santo that presented low-risk areas for fasciolosis occurrence, were those that the highland exceeds 400m, which makes it unfavorable for the presence of flooded areas and thus for completion of the life cycle of F. hepatica. Mesoregions with Odds ratio (OR) > 1 and CI 95% > 1 present higher chances of having bovines infected with fascioliasis. The southern region, central region and two municipalities in the eastern region (Formosa and Flores de Goiás) were responsible for nearly 87% of all cattle confinements in the state of Goiás, as registered in the Goiás Agency for Agricultural Protection (Agência Goiana de Defesa Agropecuária, Agrodefesa). In this case, there is a possibility of transit of animals infected by fascioliasis, originating from areas where this disease is more frequent, such as the northwestern mesoregion (which accounts for only 2.7% of the state's confinements), and directed towards the other locations. Besides, since confinements increase the animal/area stocking rate, this system can constitute a risk factor for higher prevalence rates of fascioliasis in a specific mesoregion, according to previous reports (OLIVEIRA, 2008) . This researcher verified in his study that a risk factor for cattle to acquire fasciolosis is when these are kept in an area that contains more than 10 animals/hectare. Nevertheless, the results obtained from the present study reinforce the importance of conducting new investigations in the northwestern, southern and central mesoregions and in some municipalities in the eastern region, focusing on trying to identify possible mollusks that might be sources of infection with F. hepatica, definitive hosts in these regions. Araújo et al. (2007) analyzed municipalities in the state of Goiás, in which the first reports of F. hepatica in the state were registered between 2002 and 2005, being that this same group of researchers, had already reported the presence of Lymnaea columella in the municipalities of Goiânia in 1995 (ARAÚJO et al., 1995 . They detected this parasite in nine municipalities of this state located in the mesorregions Center (Goianira, Petrolina, Inhumas and Trindade), South (Indiara, Mineiros, Palmeira de Goiás and Palminópolis) and Northwest (Itapirapuã). In the present study, besides those nine places mentioned above, was possible to indentify F. hepatica in 168 new municipalities, located in all mesorrergions (Center, South, East and Northwest) of the Goiás state. These results show that in ten years there has been a considerable increase in the incidence of positive cattle in new municipalities/mesoregions of this State, which is of even more concern to both farmers and humans since this disease is a zoonosis.
Even though the association between bovine fascioliasis and the area of planted rice was not significant in the present study (p = 0.1857), it is widely known that the association with these flooded areas is very important in some regions, since these locations are favorable for development and continuing presence of mollusks. Oliveira (2008) , Alves (2010) and Martins et al. (2014) reported that there was an association between grazing in flooded areas and farms with animals infected by F. hepatica. Both Oliveira (2008) and Martins et al. (2014) also made correlations between presence of mollusks on the farm, sharing of grazing areas between cattle and other hosts, and the fact that animals drank water from a still source, such as ditches or reservoirs, as risk factors for occurrence of fascioliasis in the locations that they evaluated. On the other hand, Freitas et al. (2014) concluded that favorable climatic conditions alone (altitude, temperature, declivity and rainfall) were not sufficient for occurrence of fascioliasis in the state of Espírito Santo, southeastern region of Brazil. Oliveira et al. (2007) investigated about break of fascioliasis in the municipality of Canutama, state of Amazonas, northern region of Brazil, regarding the characteristics of occurrences of positive cases of F. hepatica and the related exposure factors. They did not observe any significant association with factors relating to water supply and proper sewage disposal. These associations were verified in the present study, even though the host species differed. Based on the results obtained, it can be concluded that the average prevalence of F. hepatica among cattle in the Brazilian state of Goiás over the period analyzed was 0.0026% (95% CI = 0.0024-0.0028). High odds ratio values were found for the northwestern and central mesoregions. The mesoregions diagnosed as presenting higher chances of findings of animals with fascioliasis, given that they had the largest effective bovine herd sizes (P≤0.05) were the northwestern region, southern region, part of the central region and two municipalities (Formosa and Flores de Goiás) in the eastern region. Between 2007 and 2014, the meat industry lost nearly R$ 15,072.75 (US$ 4,785) due to presence of adult F. hepatica in the livers of cattle in the state of Goiás.
The results observed in the present study emphasize the importance of undertaking strategic policy actions and measures, with specific antiparasitic treatments against fascioliasis among cattle in the northwestern, southern and central mesoregions, and in some municipalities in the eastern region, in an attempt to control dissemination of this important zoonosis in the state of Goiás. Additionally, new studies need to be conducted in these regions, focusing on identifying possible presence of intermediate hosts (mollusks) that might act as sources of infection with F. hepatica, both for cattle and for humans.
